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PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

This invention relates generally to plastically defomilng and radially expanding 
an expandat)te tubular nnemtwr. 

Background of the Invention 

Conventionally, when a wellijore Is created, a number of casings are installed In 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or Inflow of fluid from the formation into the borehole. 
The borehole is drilled In Internals whereby a casing which Is to be installed In a lower 
borehole Interval is lowered through a previously installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the lower Interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested anangement with casbig diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled In the couree of the well, and the large volume of cuttings drilled and 
removed. 

The present Invention is directed to overcoming one or more of the limitations of 
the exisyng procedures for tbnning new sections of casing in a wellbore. 

Summary of the Invention 
According to the present invention there is provided a nwthod of plastically 
deforming and radially expanding an expandable tubular member using an apparatus 
comprising a tubular support member, an adjustable expansion device movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expansion device, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

inserting the apparatus Into the first end of the expandable tubular member in a 
first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
flret direction; 

applying a resilient biasing fbree to the adjustable exoansion device in the 
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second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
of a second end of the expandable tubular nneniber, 

reinserting the actuator of the apparatus into the second end of the expandable 
S tubular nnember in the second direction; 

increasing the outside dianneter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular nnember in the first direction; and 

plastically deforming and radially expanding the expandable tubular member by 
1 0 moving the adjustable expansion device through the expandable tubular niember in the 
seoond direction. 

Preferably, displacing the actuator of the apparatus in the seoond direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
15 Preferably, displacing the actuator and the adjustable expansion device relative 

to the expandable tubular member in the first direction cxxnprises: 

Impacting the actuator with the second end of the expandable tubular member. 
Preferably, moving the adjustable expansion device through the expandable 
tubular nfiember comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

fluididy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member; 

wherein moving the adjustable expansion device through the expandable tubular 
25 PDember comprises: 

injecting a pressurized fluid into the tubular support nnember. 
According to another aspect of the present invention there is provided an 
apparatus for plastically defonning and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member, 

an adjustable expansion device nfK>vably coupled to the tubular support member; 
actuating means for actuating the adjustable expansion device: 
means for displacing the actuating means of the apparatus in a first direction; 
means for applying a resilient t)lasing force to the adjustable expansion device 
35 when the actuating means is displaced in the first direction; 
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means for increasing the outside diameter cS the adjustable expansion device by 
displacing the actuating means and the adjustable expansion device reiative to the 
expandable tubular member In a second direction oppostte to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
5 first direction comprises: 

means for impacting the actuating means. 

Preferably, the means for displacing the actuating means and the adjustable 
expansion device relative to the expandable tubular member In the second direction 
comprises: 

1 0 means for impacting the actuating noeans. 

Brief DescrtpUon of the Drawings 
Figs. 1 and la-Id are fragmentary cross-secUonal views of an embodiment of 
the placement of an apparatus for radially expanding a ttJbular member within a tubular 
member within a borehole within a subtenanean formation, 
15 Fig. 1e Is a cross-sectlonai view of an embodiment of the expansion cone 

support body of the apparatus of Rgs. 1 and la-Id. 

Fig. If is a cross-sectional view of the expansion cone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Rgs. 1 and la-Id. 

Fig. 1h is a front view of the expanston cone segment of Fig. 1g. 

Fig. 1i Is a top view of the expansion cone segment of Fig. 1g. 

F»g. 1j is a top view of an embodiment of interlocking expansion cone segments 
for use in the apparatus of Figs. 1 and 1a-1d. 

Rg. 1k is a top fragmentary circumferential view of an embodiment of the 
couplir^ arrangement between the expansion cone segments and the split ring collar 
for use In the apparatus of Figs. 1 and 1a-1d. 

Figs. 11 and 1m are top schematic views of an embodiment of the coupling 
between the J-slots of the drag blocks and the lugs of the tubular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of Rgs. 1 and 1a-1d during the radial expansion of the tubular member within the 
borehole within the subterranean formatk>n. 

Rgs. 2e and 2f are illustrattons of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Rgs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustrations of an altemative embodiment of the J-slots of 
the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subtenanean fomiation. 

Rg. 3d is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 3 and 3a-3c, 

Fig. 3e is a cross^ectional view of the expanskKi cone support body of Fig. 3d. 

Fig. 3f Is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3c. 

Fig. 3g is a front view of the expansion cone segment of Rg. 3f. 

Fig. 3h is a top view of the expanston cone segment of Rg. 3f . 

Rg. 3i is a top view of an embodiment of Interioddng expansion cone segments 
for use in the apparatus of Rgs. 3 and 3a-3c. 

Fig. 3J is a top fragmentary drcumferentiai view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Rgs. 3 and 3a-3c. 



Figs. 4 and 4a-4d are fragmentary cross^ecUonal illustrations of an 
embodiment of the placement of the apparatus of Rgs. 3 and 3a-3c Including an 
expandable tubular member within an expandable tubular member within a 
subterranean formation. 

Figs. 5 and 5a^ are fragmentary cross-sectional Wustrations of an 
embodiment of the operation of the apparatus of Figs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borehole within the 
subtenranean formation. 

Figs. 6 and 6a-6d are fragmentary cross-sectional Illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean fomtation. 

Fig. 6b is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Rg. 6e. 
Fig. 6g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 6 and 6a^d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 
Fig. 61 is a top view of the expansion cone segment of Fig. 6g. 
Fig. 6j is a top view of an embodiment of interlocking expansbn cone segments 
for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6l< is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional lllusbations of an 
embodiment of the placement of the apparatus of Figs. 6 and 6a-6d including an 
expandable tubular member within a borehole within a subterranean formation. 

Figs. 8 and 8a-8d are fragmentary cross-sectional illusfrations of an 
embodiment of the operation of the apparatus of Figs. 7 and 7a-7d during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
fonnation. 

Fig. 9 is a fragmentary cross sectional lllusfration of an embodiment of an 
expansion cone assembly In an unsxpandsd positiori. 

Fig. 9a is a cross sectional lllusfration of the expansion cone assembly of Fig. 9. 

Fig. 10 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 9 in an expanded position. 



Fig. 10a is a cross secOonal illustration of the expansion cone ass&mtify of Fig. 

10. 

Fig. 1 1 is a fragmentary cross sectional Illustration of an emt)odiment of an 
expansion cone assembly in an unexpended position. 

Fig. 1 la is a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 1 1 in an expanded position. 

Fig. 12a is a cross sectional Illustration of the expansion cone assembly of Rg. 

12. 

Fig. 13 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Fig. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

Fig. 13b Is a fragmentary top circumferential illustration of the expansion cone 
segment assembly of Fig. 13 that illustrates the interleaved sets of collets. 

Fig. 13c is a fragmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 13 In an expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-15c are fragmentary cross-secfional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean formation. 

Fig. 1 5d Is a cross-secUonal view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-15c, 

Fig. 15e Is a cross-secHonal view of the expansion cone support body of Fig. 

15d. 

Rg. 16f is a side view of an embodiment of an e)q[)ansion cone segment for use 
in the apparatus of Figs. 15 and 15a-15c. 

Fig. 15g is a front view of the expansion cons segment of Fig. 15f. 

Fig. 15h is a top view of the expansion cone segment of Fig. 15f. 

Rg. 15i is a top view of an embodiment of interlocking expansion cone 
segments for use in the apparatus of Figs. 15 and 15a-15c. 



Fig. 15j is a lop fragmentary circumferential view of an embodiment of the 
coupfing arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 15 and 15a-15c. 

Figs. 1 6 and 16a-16c are fragmentary cross^ctional IliustraGons of an 
embodiment of the placement of the apparatus of Figs. 15 and 15a-15j including an 
expandable tubular member within a borehole within a subterranean fonnation. 

Rgs. 17 and 17a-17c are fragmentary cross-sedional Illustrations of an 
embodiment of the operation of the apparatus of Rgs. 16 and 18a.16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
fomnation. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Fig. IBb is a fi^mentary circumferential top illustration of the expansion cone 
and split ring collar of Fig. 18a. 

Rg. IBc is a firagmentary cross-sectional Uustration of the expansion cone 
support flange of the expansion cone assembly of Fig. 1 8a. 

Fig. 18d is a cross-sectional illustration of the expansion cone support flange of 
Fig. 18c. 

Rg. 19a is a cross sectional illustration of an embodiment of the segmented 
expansion cone assembly of Rg. 18a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. 

19a. 

Rgs. 20a-20m are top drcumferentiai views of various alternative embodiments 
of interiodclng expansion cone segment geometries. 

Detailed Description of the Illustrative Embodiments 
Referring initially to Figs. 1 and la-Id. an embodiment of an apparatus and 
method for radially expanding a tubular member wiil now be described. As Illustrated 
Figs. 1 and la-Id. a welibore 100 Is positioned In a subtenanean fbrmaflon 105. In an 
exemplary embodiment, the welibore 100 may include a pre^wdsting cased section 
1 10. The welibore 100 may be positioned in any orientation from vertical to horizontal. 

In order to extend the weflbore 100 into the subtenanean fbnnation 105. a drill 
string is used in a well known manner to driB out .TCtsria! from the subterranean 
fomiaUon 105 to fbmi a new welibore section 115. In a preferred embodiment, the 
inside diameter of the now welibore section 1 15 Is greater than or equal to the inside 
diameter of the preexisting welibore casing 1 1 0. 
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A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 1 15 with the upper end 1 20b of the tubular member coupled to the 
wellbore casing 1 1 0 and the lower end 120c of the tubular member extending into the 
wellbore section. The tubular member 1 20 may be positioned within the wellbore 
5 section 11 5 and coupled to the wellbore casing 1 1 0 in a conventional manner. In a 
preferred embodiment, the tubular member 120 Is positioned within the walibore 
section 1 1 5 and coupled to the wellbore casing 1 1 0 using one or more of the methods 
and apparatus disclosed in one or nxxe of the following: (1 ) U.S. patent application 
serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. 

1 0 patent application serial no. 09/51 0,91 3. attorney docket no. 25791 .7.02. filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02. filed on 2/10/2000, (4) U.S. patent appRcatkm serial no. 09/440,338, 
attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent applteation serial 
no. 09/523.460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 

15 applkation serial no. 09/512,895, attorney docket no. 25791.1Z02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09^1 1 ,941 . attorney docket no. 25791 .1 6.02, filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588.946. attorney docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent applicatton serial no. 09^59.122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial 

20 no. PCT/USOO/18635. attorney docket no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent applicatton serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provisional patent applicatk)n serial no. 60/154,047, attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no, 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

25 provisional patent applicatton serial no. 60/1 59,039, attorney docket no. 25791 .36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent applicatktn serial 
no. 60/21 2,359, attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provisk^nal 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1999, (18) U.S. pruvistonal patent appHcation serial no. 60/221,443, attorney 
docket no. 25791.45, filed on 7/28/2000. (19) U.S. provlstonal patent application serial 
no. 80/221,845, attorney docket no. 25791.46. filed on 7/2S/2000, (20) U.S. provisional 
patent applicatim serial no. 60/233,638. attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent appllcatkm serial no. 60/237,334, attorney 

35 docket no. 25791 .48, filed on 1 0/2/2000. (22) U.S. provistonal patent appHcation serial 
no. 60/270.007, attorney docket no. 25791.50, filed on 2/20/2001; and (23) U.S. 
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provisional patent application serial no. 6(W262.434. attorney docket no. 25791.51. filed 
on 1/17/2001: and (24) U.S. provisional patent application serial no. 60«59.486. 
attorney docket no. 25791.52. filed on 1/3^001. the disclosures of which are 
incorporeted herein by reference. 

As inustiated in Figs. 1 and la-Id. an apparatus 200 for radially expanding a 
tubular member may then be postttoned in the new section 115 of the wellbore 100 
within the tubular member 120. The apparatus 200 Includes a tubular support member 
205 defining an Internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an internal passage 210a. The other end of the tubular coupling 210 is 
coupled to an end of a tubular support member 215 defining an internal passage 215a 
that Includes a first lug 215b. a radial passage 215c a firet flange 21 5d. a second 
flange 215e. a second lug 215f. and an expanston cone support body 215g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As Illustrated In Figs. 1e and If. the expansion cone support body 21 5g 
includes a firet end 215ga. a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped slots 215gba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 215gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 
) degrees for reasons to be described. 

As Illustrated in Figs. 1. 1a-ld. 1g. 1h. and 11. a plurality of expansion cone 
segments 225 are provMed that Include firet ends 225a that include T-shaped retaining 
membera 225aa and second ends 225b that Include T-shaped retaining members 
225ba that mate with and are received wiihin corresponding T-shaped slots 21 Sgba on 
the tapered hexagonal portton 21 5gb of the expanston cone support body 21 5g. firet 
external surfaces 225bb. second external surfaces 225bc and third external surfaces 
225bd. Thus. In an exemplary embodiment, a total of six expansion cone segments 
225 are provided that are slidably coupled to conespondlng sides of the tapered 
hexagonal portion 215gb of the expansion cons support body. 

In an exemplary embodiment the widths of the firet external surfaces 225bb of 
the expansion cone segments 225 increase in the diredton of the second external 
surfaces 225bc. the widths of the second sxSaiia! surfaces are subsiantialiy constant 
and the widths of the third external surfaces 225bd decrease in the direction of the firet 
ends 225a of the expansion cone segments for reasons to be described, in an 
exemplary embodiment, the firet external surfaces 226bb of the expansion cone 
segments 225 taper upwardly In the direction of the second external surfaces 29.1*. 
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the second external surfaces taper upwardfy in the direction of the third external 
surfaces 225bd, and the third external surfaces 225bd taper downwardly in the 
direction of the first ends 225a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion cone segments 225 are greater than the . 
angle of attack of the taper of the second external surfeces 225bc. In an exemplary 
embodiment, the first and second external surfaces. 225bb and 225bc, of the 
expansion cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced In the direction of the end stop 220, the first and second 

10 external surfaces of the expansion cone segments provide a substantially continuous 
outer drcumferential surface for reasons to be described. 

As Illustrated In Fig. 1J. In an exemplary embodiment, the extemat surfaces, 
225bb, 225bc, and 225bd, of the second ends 225b of the expansicm cone segments 
225 are adapted to mate with one another In order to Interlock adjacent expan&ton 

15 cone segments. 

As illustrated in Figs. 1, la-Id. and 11c, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 21 5 is provided that Includes a 
first end that includes plurality of T-shaped slots 230b for receiving and mating with 
conresponding T-shaped retaining members 22Saa of the expansion cone segnrients 

20 225 and a seoond end that includes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventtonal split ring collar 
commerdalty available from Halliburton Energy Services modified in accordance with 
the teachings of the present disclosure. 

As illustrated In Figs. 1, la-Id, and 1m, a drag bbck assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 215 is provided that includes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or more conventional 
drag bkxk elements 235c. and a J-shaped slot 235d Including a retaining slot 235da 
for receiving the second lug 21 5f of the tubular support m6mt)er 21 5. In an exemplary 

30 emtxxllment, the longitudinal axis of the J-shaped slot 235d of the drag block assembly 
235 Is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventional packer cup assembly 240 that defines a passage 240a for 
' receiving the tubular support member 215 includes a first end 240b that mates with the 

35 second flange 21 5e of the tubular support member, a cmventnnal sealing cup 240c. 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
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receiving ihe tubular support member 215 includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c. A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 21 5 includes a firet end 250b that mates with the 
5 second end 245c of the spacer 245. a conventkxial sealing cup 250c. and a second 
end 250d that mates with the first flange 21 5d of the tubular support member. 

As Illustrated In Figs. 1 . la-Id, and 1 1, a drag bk)ck assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 Is provided that Includes a 
first end that Includes sealing members. 255b and 255c. one or more conventional drag 
10 block elements 255d. and a J-shaped slot 255e Including a retaining sk>t 255ea for 
receiving the first lug 21 5b of the tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J^aped slot 255e of the drag block assembly 
255 Is substantially parallel to the longitudinal axis of the tubular support member 21 5 
for reasons to be described. 
15 In an exemplary embodiment, during operatkm of the apparatus 200, as 

illustrated in Figs. 1 and 1a-1m. the apparatus may be positioned In the weHbore 115. 
within the tubular member 120. vwth the first and second lugs. 21Sb and 21 5f, 
respectively, positioned within the retaining slots, 255ea and 235da, respectively, of the 
J-stots, 255e and 235da, respectively, of the drag bkick assembly 255 and 235, 
20 respectively. In this manner, the drag block assembly 235 is maintained in a 

substantially stationary positton relative to the tubular support member 215 thereby 
preventing the expansnn cone segments 225 from being displaced downwardly In the 
longitudinal direction relative to the tubular support member 215 towanJs the end stop 
220. Furthermore. In this manner, the drag block assembly 255 is also maintained In a 
substantially statfonary position relative to the tubular support member 215 thereby 
preventing the drag block assembly from sealing off the radial passage 215c. In an 
exemplary embodiment, during the placement of the apparatus 200 within the wellbora 
115 and the tubular member 120. the radial passage 215c permits fluldic materials 
outsWe of the tubular support member 215 to pass Into the passage 215a thereby 
minimizing overpressure conditions within the annulus outside of the tubular support 
member. 

In an exe.mpla.7 smbodiment, the apparauis 200 is positioned vwthin the 
expandable tubular member 120 such that the expansion cone body 215g. the end 
slop 220. and the expansion cone segments 225 extend out of the expandable tubular 
member. In this manner, the expanskm cone segments 225 may be drh«n up the 
tapered hexagonal portion 215gb of the exoanston cone boriw 91<Vl fhamhw in/«roa<>l«» 
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the outside diam^ers of the expansion cone segments, without impacting the 
expandable tubular member 120. 

The tubular support member 215 may then be rotated relative to the drag blodc 
assen^es, 235 and 255, thereby dlspiadng the lugs, 215f and 215b, with respect to 

5 the J-shaped slots, 235d and 255e, respectively. The tubular support member 21 5 
may then be displaced upwardly relative to the drag block assemblies. 235 and 255, in 
the longitudinal direction thereby displacing the drag blodc assemblies downwardly 
relative to the tubular 8i4)port member. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag b\odk assemblies, 235 and 255, 

10 the drag blodc assemblies, 235 and 255, are maintained In a substantially stationary 
position with respect to the expandable tubular member 120 by the frictional forces 
exerted by the drag blocks, 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward tongltudinal displacement of the 
tubular support member 215 relative to the drag btock assemblies, the lugs. 215f and 

15 215b. are guided in a substantially longitudinal directton by the J-sbts, 235d and 255e, 
respectively, of the drag block assemblies. 

The downward longitudinal displacement of the drag block assembly 235 
reiative to the tubular support member 215 displaces the split ring collar 230 
downwardly along with the expanston cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 215gb of the 

expansion cone support body 215g until the end faces of the expansion cone segments 
Impad the stop member 220. As a result, the outsWe diameter of the expansion cone 
segments 225 increases. In an exemplary embodiment, once the expanston cone 
segments 225 impad the stop member 220. the outer surfaces, 225bb and 225bc, of 

25 the expansion cone segments provide a substantially continuous outer surface in the 
drcumferential direction having a diameter that is greater than the inside diameter of 
the expandable tubular member 1 20. The downward longitudinal displacement of the 
drag block assembly 255 relative to the tubular support member 21 5 seals off the radial 
passage 21 5c thereby preventing the pressurized fluidic material 275 from entering the 

30 annulus surrounding the tubular support member 215 through the radial passage. 

In an exemplary embodiment as illustrated in Figs. 2 and 2a-2f. the expandable 
tubular member 120 may then bs radfelSy expanded using the apparatus 200 by 
injecting a fluWic material 275 into the apparatus through the passages 205a, 210a. 
and 215a. The injedton of the fluidic material 275 may pressurize the Interior 120a of 

35 the expandable tubular member 120. In addition, because the padcer cup assemblies. 
240 and 250, seal off an annular region 120aa below the packer cup assemblies 
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betvyeen the expandable tubular member 120 and the tubular support member 215. the 
Injection of the fluldic material 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defbmiing and 
S radially expanding the expandable tubular member off of the expansion cone segments 

225. Becausetheouter8urfaces.225bband225bc.oftheexpanslonconesegments 
225 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthemwre. in an exemplary embodiment, the continued Injection of the fluidic 
10 material 275 also pressurizes the annular region 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthemiore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
15 expands the surrounding portion of the expandable tubular member 120. In this 
manner, the plastic deformation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthermore, during operation of the apparatus 200. the 
packer cup assemblies 240 and 250 prevent the pressurized fluMk: material 275 from 
passing above and beyond the packer cup assembfies and thereby define the length of 
the pressurized annular region 120aa. in an exemplary embodiment, the 
pressurizatton of the annular regton 120aa decreases the operating pressures required 
for plastic defbmiation and radial expanskm of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
225bb and 225bc of the expansion cone segments 225. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 1 20b of the expandable tubular member is radially expanded and 
plastically deforrned along with the overiapping portion of the weilbore casing 110. 
Because the expanston cone segments 225 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter subslantialV equal to the inside diameter of the preexisting 
casing 110. the resulting wellbors casing. Including the casing 110 and the radially 
expanded tubular member 120. created by the operatton of the apparatus 200 may 
have a single substantially constant insMe diameter thereby provMIng a moncnJiameter 
-weilbore casing. 

If the expanskxi cone segments 225 become lodged within the tubular member 
120 during the radial expansion process, the tubular support member 215 mav bA 
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displaced downwardly In the longitudinal direction and then rotated relative to the drag 
block assemblies. 235 and 255. thereby positioning the lugs. 215b and 21 5f. within the 
retaining slots. 255ea and 235da. respectivety. of the J-slots. 255e and 235d. 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 21 5gb of the expanston cone support body 21 5g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In this manner, the tubular support member 205, the tubular support 
member 210, the tubular support member 215. the end stop 220, the expansion cone 
segments 225, the split ring collar 230, the drag block assembly 235. the pack cup 

1 0 assembly 240. the spacer 245. the packer cup assembly 250, and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be 
raised out of the expanded portton of the tubular member 120 by applying an upward 
axial force to the tubular support member 215. In a preferrBd embodiment, during the 

1 5 radial expanston process, the expansion canB segments 225 are raised at 

approxlmatety the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbora section 115. In an 
alternative preferred embodiment* the expansion cone segments 225 are maintained in 
a stationary position during the radial expanston process thereby aUowing the tubular 

20 member 120 to be radially expanded and plastically defonmed off of the expansk)n 
cone segments 225 and into the new welibore section 115 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred embodiment, when the upper end portk>n of the expandable 
tubular member 120 and the kiwer portion of the welibore casing 1 10 that overiap with 

25 one another are plastically defonmed and radially expanded by the expanston cone 
segments 225. the expansion cone segments 225 are displaced out of the welibore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fiuidic 

30 material 275 is controllabty ramped down when the expansion cone segn^ents 225 
reach the upper end portion of the exparKlable tubular member 120. In this manner, 
the sudden release cf prsssurs caused by the ccmplcts rsdia! expansion and plastto 
defonnation of the expandable tubular member 120 off of the expanston ccKie 
segments 225 can be minimized. In a preferred embodiment, the operating pressure is 

35 reduced In a substantially linear fashton from 100% to about 10% during the end of the 



extrusion process beginning when the expansion cone segments 225 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 

Altematively. or In combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 is tapered In order to gradually reduce the 
5 required operaUng pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or In combination, a shock absorber is provided In the tubular 
support member 205 In order to absorb the shock caused by the sudden release of 
10 pressure. ITib shock absorber may comprise, for example, any conventional 

commercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
operations. 

Altematively. or in combination, an expansk)n cone catching stnjcture is 
provided In the upper end portion of the expandable tubular member 120 in order to 
15 catch or at least decelerate the expanston cone segments 225. 

Altematively. or in comblnatton, during the radial expanston process, an upward 
axial force Is applied to the tubular support member 215 suflkdent to plastically deform 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc, of the expanston cone segments 225. 
20 Altematively. or in combination, in order to facilitate the pressurizatfon of the 

interfor 120a of the expandabto tubular member by the injedton of the fluidic materials 
275. the region within the wellbore section 1 1 5 betow the apparatus 200 may be 
flukJidy sealed off in a convention manner using, for example, a packer. 

Once the radial expanston process Is completed, the tubular support member 
205. the tubular support member 210. the tubular support member 215. the end stop 
220. the expanston cone segments 225, the split ring collar 230, the drag block 
assembly 235. the pack cup assembly 240. the spacer 245. the packer cup assembly 
250. and the drag btock assembly 255 are removed from the wellbore 100. 

In an alternative embodiment, as illustrated In Figs. 2h and 21. the J-slots, 235d 
and 255e, Include one or more Intermediate retaining slots. 23Sdb and 255eb. 
respectively, that pemiit the relative longitudinal displacement of the tubular support 
member 215 relative to the d.rag btock assemblies. 235 and 255. to be set at one or 
more intemiediate stop positions. In this manner, the expanston segments 225 may be 
poslttoned at one or mora Intermediate positions on the tapered hexagonal portion 
215gb of the expanston cone support body 215g ttiereby pemiitting the external 
diameter of the expanston cone segments 225 to be adjusted to one or more 



Intermediate sizes. In this manner, the radial expansion and plastic defonmatton of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore. If the expansion cone segments 225 
become lodged within the expandable tubular member 120, then the position of the 
expansion cone segments may be adjusted to provide a smaller outside dianDeterand 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a-3j, an altemative embodin^ent of an apparatus 300 
for fonning a wellbora casing in a subterranean formation will now be described. The 
apparatus 300 Includes a tubular support member 305 defining an internal passage 
305a that Is coupled to an end of a tubular coupling 310 defining an Intemal passage 
31 Oa. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that includes a first flange 315b 
having oppositely tapered end-waits, 315ba and 315bb, a second flange 315c a radial 
passage 315d, a third flange 315e, a fourth flange 315f, a fifth flange 315g having 
oppositely tapered end^waiis, 315ga and 315gb, a fifth flange 31 5h, and an expansion 
cone support body 31 5i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e. the expansion cone support body 3151 includes 
a first end 315ia, a tapered hexagonal portion 3151b that includes a plurality of T- 
shaped slots 315iba provided on each of the extemal faceted surfaces of the tapered 
hexagonal portion, and a second end 315ic. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 31 Sib ranges from about 35 to 50 degrees for 
reasons to be described. 

As illustrated in Figs. 3, 3a-3c, and 3f-3h. a plurality of expansion cone 
segments 325 are provided that indude first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that Include T-shaped retaining members 
325ba that mate with and are received within con^pondlng T-shaped slots 315iba on 
the tapered hexagonal portion 3151b of the expansion cone support body 31 5i, first 
extemal surfeces 325bb, second extemal surfeces 325bc, and third extemal surfaces 
325bd. Thus, in an exemplary embodiment a total of six expansion cone segments 
325 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 3151. 

In an exemplary embodiment, the widths of the first extemal surfaces 325bb of 
the expansion cone segments 325 increase In the direction of the second extemal 
surfaces 325bc, the widttis of the second extemal surfaces are substantially constant 
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and the widths of the third external surfaces 325bd decrease in the direction of the first 
ends 325a of the expansion cone segnients for reasons to be described. In an 
exemplary embodiment, the first external surfaces 325bb of the expansion cone 
segments 325 taper upwardly In the direction of the secorKi external surfaces 325bc 
the second extemal surfaces taper upwardly In the direction of the thirtl external 
surfaces 325bd. and the third extemal surfaces 325bd taper downwardly In the 
direction of the first ends 325a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taperof the first 
extemal surfaces 325bb of the expansion cone segments 325 are greater than the 
angle of attack of the taper of the second extemal surfaces 325bc. In an exemplary 
embodiment, the first and second external surfaces. 325bb and 325bc of the 
expansion cone segments 325 are arcuate such that when the expanskm cone 
segments 325 are displaced In the dlrectk)n of the end stop 320. the first and second 
extemal surfaces of the expanston cone segments provkle a substantially continuous 
15 outer circumferential surface for reasons to be described. 

As illustrated In Fig. 3i. In an exemplary embodiment, the extemal surfaces 
32Sbb. 325bc and 325bd. of the second ends 325b of the expansk>n cone segments 
325 are adapted to mate with one another in order to Interlock adjacent expanston 
cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular 
support member 315 is provkled that includes a first end thafelnsiudes plurality of T- 
shaped stots 330b for receiving and mating with correspopng T-shaped retaining 
members 325aa of the expanston cone segments 325 and a second end that includes 
an L-shaped retaining member 330c. In an exemplary embodiment the split ring collar 
330 is a conventional split ring collar commercially available from Halliburton Energy 
Services modified In accordance with the teachings of the present disclosure. 

A collet assembly 335 is provided that Includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 315 and Is coupled to an 
end of a resUient collet 335b having upper and k>wer sets of oppositely (apered 
Shoulders. 335ba and 335bb. and. 335bc and 335bd. respectively, that Is posltfoned 
proximate the fourth flange 315g of the tubular support member 316. The other end of 
the collet 335b Is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d 
The other end of the pin 335d Is coupled to a ring 335e that defines a passage 335ea 
for receiving the fifth flange 3l5h of the tubular support member 31 5. An end of a 
tubular coupling sleeve 335f that defines a passage 335fa fbr receiving the tubular 
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support member 31 5 is received within the opening 335ca of the tubular sleeve 335c 
that includes a recess 335fb for receiving the fifth flange 31 5h of the tubular support 
member 315 and the ring 335e, and a radial passage 335fc for receiving the pin 335d, 
Another end of the tubular coupling sleeve 335f includes a passage 335fd for receiving 
5 the tubular support member 315 and a slot 33Sf6 for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 33Sga for 
receiving the tubular support member 315, a spring 335h, and a ring 3351 that defines a 
passage 335ia for receiving the tubular support nriember 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335ft>, 
10 the ring 3351 is positioned proximate the fifth flange 31 5h of the tubular support 
member 315 within the other end of the recess, and the spring 335h is positioned 
between the rings. 

A first conventional padcer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 Includes a first end 340b that mates with the 

15 fourth flange 31 5f of the tubular support member, a conventional sealing cup 340c and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345a A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving ttie 

20 tubular support member 315 include a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c and a second end 350d that 
mates with the third flange 315e of the tubular support member 

A collet assembly 355 is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and is coupled to an end 

25 of a resilient collet 355b having upper and kswer sets of oppositely tapered shouklers, 
355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned proximate the 
first flange 31 5b of the tubular support member 315. The other end of the collet 355b 
Is coupled to an end of a tubular sleeve 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 31 5c of the tubular support member 31 5. An end of a tubular sleeve 
355f that defines a passage 355fa for recelvsng the tubular support member 315 is 
received within the opening 355ca of the tubular sleeve 355c that includes a recess 
355ft) for receiving the second flange 315c of the tubular support member 315 and the 

35 ring 355e, and a redlal passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f includes a passage 355fd for receiving the tubular support member 
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315. a recess 355fe for receiving an end of the tubular sleeve 355c and sealing 
members 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb. An 
end of the ring 355g is positfoned proximate the second flange 31 6c of the tubular 
support member 315 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 356h is positioned 
proximate the other end of the recess 355(b. 

in an exemplary embodiment, during operation of the apparatus 300. as 
illustrated in Figs. 3 and 3a^. the apparatus may be imtiaPy positioned In the wellbore 
100. within the casing 1 10. with the coHet assemblies 335 and 355 positioned in a 

neutral position in Which the radial passage 315d of the tubular support member315is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 3151b of the expansion cone support body 
315i of the tubular support member 315 into contact with the stop member 320. In this 
manner, fluidic materials within the interior 315a of the tubular support member 315 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressurization of the annulus. 
Furthermore, in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemiltting 
20 the apparatus 300 to be displaced within the casing 1 1 0. 

As illustrated in Figs. 4. and 4a^. the apparatus 300 may then be positioned 
in the tubular member 120. During the insertton of the apparatus into the tobular 
member 120. the upper end 120b of the tobular member may impact the tapered 
shouldere. 335bb and 355bb. of the collets. 335b and 355b. respectively, thereby 
25 driving the collets backward until the tapered shouldere. 335bd and 355bd. of the 
collets are positioned proximate the tapered shouldere. 315ga and 315ba. respectively 
of the tobular support member. As a result, the support rings. 335a and 355a the 
collets. 335b and 355b. the tubular sleeves. 335c and 355c. the pins. 335d and 355d 
the rings. 335e and 355e. and the rings. 335g and 355g. of the collet assemblies. 33^ 
and 355. respectively, are driven backward, compressing the springs. 335h and 355h 
thereby applying axial biasing forces to the tubular coupflng sleeve 335f and the tubul^ 
sleeve 355f. respectively. In this manner, an axial biasing force is applied to the spilt 
nng collar 330 and the expanston cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 31Sib of the 
expansion cone support body 31 51 of the tubular support member 31 5 into contact with 
the Stop member 320. Thus, the outside diameter of the expanston cone segments 
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325 is maintained In a position that is less than the inside diameter of the tubular 
WBtrbet 120 thereby permitting the apparatus 300 to be displaced within the tubular 
member. Furthemfwe, In this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
5 31 5d in the tubular support member 315. Thus, fluldic materials within the interior 315a 
of the tubular support member 315 may pass through the radial passage 315d into the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurization of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 

10 section 1 15a of the wellbore section 115, beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 300 that 
Includes the stop member 320, the expansion cone segments 325, the split ring collar 
330. the collet assembly 335, the padcer cup assembly 340, the spacer 345, the padcer 
cup assembly 350, ami the collet assembly 355 is then positioned in the open hole 

15 section 115a of the wellbore section 115, beyond the lower end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b. are 
resilient, once the apparatus 300 has been positioned in the open hole section 115a (rf 
the wellbore section 115, beyond the lower end 120c of the tubular member 120, the 
tapered shoulders, 335ba and 355ba, cf the collets may spring outwardly in the radial 

20 direction. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impact the tapered shouldere, 
335ba and 355ba, of the collets, 335b and 355b, respectively, thereby driving the 

25 collets fonvard until the tapered shoulders, 335bc and 355bc, of the collets are 
positioned proximate the tapered shoulders, 315gb and 315bb, respectively, of the 
tubular support member 315. As a result, the support rings, 335a and 355a, the 
collets. 335b and 355b. the tubular sleeves. 335c and 355c, the pins, 335d and 355d. 
the rings, 335e and 355e. the tubular coupling sleeve 335f, the tubular sleeve 355f. the 

30 rings. 335g and 355g. and the ring 335i of the collet assemblies, 335 and 355. 
respectively, are driven fbnwanl, thereby compressing the springs, 335h and 355h. 
thereby sealing ofF the radial passage 315d and driving the expansion cone segments 
325 up the tapered hexagonal portion 315ib of the expansion cone support body 3151 
of the tubular support niember 315 into contact with the stop member 320. 

35 As a result, the outside diameter of the expansion oone segments 325 Is now 

greater than the Inside diameter of expandable tubular member 120 thereby perrrdtting 
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the apparatus 300 to be used to radially expand and plastically deform the tubular 
member, and fluidie materials within the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 315d Into the annulus betvveen the 
apparatus 300 and the tubular member thereby pemiltting the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radially expand and plastically 
defbmi the tubular member 1 20 by applying an upward axial foroe to the tubular 
support member 315 and/or by Injecting a pressurized fluidie material into the tubular 
support member. 

10 In particular, as illustrated in Figs. 5 and 5a^. the expandable tubular member 

120 may then be radially expanded using the apparatus 300 by Injecting a fluidie 
material 275 into the apparatus through the passages 305a. 310a. 315a. and 320a. 
The Injection of the fluidie material 275 may pressurize ttie interior 120a of the 
expandabte tubular member 120. In addition, because the packer cup assemblies. 340 
15 and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. tt,e injection 
of the fluidie material 275 may also pressurize the annular region. 

The continued Injection of ttie fluMic material 276 may then pressurize the 
interior 120a of ttie expandabte tubular member 1 20 thereby plastically defom,ing and 
radially expanding the expandabte tubuter member off of the expansion cone segmente 
325. Because the outer surfaces. 325bb and 325bc of the expansion cone segments 
325 are tepered. tiie plastic deformation and radial expansion of the expandabte 
tubular member 120 proximate ttie expansion cone segments is facilitated. 
Furthemwre. In an exemptery embodiment, the continued injection of ttie fluidie 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandabte tubular member 120 and the exterior surface of tt,e tubuter 
support member 31 5 that is bounded on the upper end by tt^e packer cup assembly 
340 and on the lower end by tt,e expansion cone segments 325. Furtt^miore. in an 
exemptery embodiment, the pressurization of the annular region 120aa also radtelly 
expands at least a portion of the surrounding portion of ttie expandabte tubular member 
120. In tills manner, the plastic defom«tion and mdtel expanston of the expandabte 
tubuter member 120 Is sr.hanc8d. Furthefmore. during operation of tt,e apparatus 300 
tt^e packer cup assemblies 340 and 350 prevent tfie pressurized flukJIe material 275 
ftom passing above and beyond tiie packer cup assemblies and ttiereby define the 
lengtt, of the pressurized annular regton 120aa. In an exemplary embodiment. tt,e 
pressurization of the annuter region 120aa decreases tfieooerati™, 
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for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomr\ed along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casing 110, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expanston cone segments 325 may be 

1 5 raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial force to the tubular support member 315. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new wellbore section 115. 

20 In a prefen^d embodiment, when the upper end portion of the expandable 

tubular member 120 and the lower portion of the wellbore casing 1 1 0 that overtap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 325, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

In a preferred embodiment, ttie operating pressure and flow rate of the fiuldic 
material 275 is oontrollably ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 

30 deformation of the expandable tubular member 1 20 off of the expansion cone 

segments 325 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear fashton from 100% to about 10% during the end of the 
extruston process beginning when the expansion cone segments 325 are within about 
5 feet (1.524 m) from completion of the extrusion process. 

35 Altemattvely. or In oombinatbn, the wall thickness of the upper end portion of 

the expandable tubular member 120 Is tapered in order to gradually reduce the 
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required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or In combination, a shock absorber is provMed in the tubular 
support member 305 In order to absoib the shock caused by the sudden release of 
pressure. The shock absortwr may comprise, for example, any conventional 
commercially Pliable shock absort>er. bumper sub. or jars adapted for use In wellbore 
operattons. 

Alternatively, or in cbmbinaHon. an expanskxi cone catching structure is 
provided in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 325. 

Altematively. or in combinatton. during the radial expanskin process, an upward 
axial force is applied to the tubular support member 315 sufficient to plastically deform 
and radially expand the tubular member 1 20 off of the external surfaces, 225bb and 
5 225bc, of the expanston cone segments 325. 

Aitematively, or in combinatton, in order to fadlttate the pressurizatton of the 
interior 1 20a of the expandable tubular member by the injection of the fluidic materials 
275, the region within the wellbore section 115 below the apparatus 300 may be 
fkJidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 
305. the tubular support member 310. the tubular support member 315. the end stop 
320. the expansion cone segments 325. the spHt ring collar 330, the collet assembly 
335. the packer cup assembly 340. the spacer 345. the packer cup assembly 350, and 
the collet assembly 355 are removed from the wellbores 100 and 1 15. 

Referring to Figs. 6 and 6a^k. an altemative embodiment of an apparatus 400 
for fomrjing a wellbore casing In a subterranean formation will now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that Is coupled to an end of a tubular coupling 410 defining an internal passage 
410a The other end of the tubular coupling 410 is coupled to an end of a tubular 
support member 415 defining an Internal passage 415a that includes a first flange 
415b. a first radial passage 415c a second radial passage 415d, a second flange 
415e, a stepped flange 415f. a thW flange 415g. a fourth flange 415h. a frfth flange 
41 51. and an expansion cone body 41 5j. The other end of the tubular support member 
415 is coupled to a tubular end stop 420 that defines a passage 420a. 

As illustrated in Rgs. 6e and 6f. the expanston cone support body 4iq includes 
a first end 415Ja. a tapered hexagonal portton 415jb that indudes a muralltv of t. 
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shaped slots 415jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 41Si|c. In an exemplary embodiment the angle of 
attack of the tapered hexagonal portion 415jb ranges from at)OUt 35 to SO degrees for 
reasons to l>e descrlt>ed. 
5 As illustrated in Figs. 6, 6a-6d, and 6g-6l, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that Include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within corresponding T*shaped slots 415jba on 
the tapered hexagonal portion 415Jb of the expansion cone support body 41 5j, first 

1 0 external surfaces 425bb, second external surfaces 425bc, and thlnl external surfaces 
425bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that era slidably coupled to corresponding sides of the tapered 
hexagonal portion 41 5Ib of the expansion cone support body 41 5j. 

In an exemplary embodiment, the widths of the first external surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of the second extemal 
surfaces 425bc the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described. In an 
exemplary embodinfent, the first extemal surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second external surfaces 425bc, 
the second extemal surfaces taper upwardly in the direction of the third external 
surfaces 425bd, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 

25 extemal surfeices 425bb of the expanston cone segments 425 are greater than the 
angle of attack of the taper of the second extemal surfaces 425ba in an exemplary 
embodiment, the first and second extemal surfaces, 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 extemal surfaces of the expansion cone segments provide a substantiaily continuous 
outer drcumferentiai surface for reasons to be described. 

As Illustrated In Rg. 6j. In sn exemplary embodimer^.t, the extemal surfaces, 
425bb, 425bc, and 425bd, of the second ends 425b of the expanston cone segments 
425 are adapted to mate with one another in order to interiock adjacent expansion 

35 cone segments. 
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A split ring collar 430 that defmes a passage 430a for receiving the tubular 
support member 415 is provided that Includes a first end that includes plurality of T- 
shaped slots 430b for receiving and mating with corresponding T-shaped retaining 
members 425aa of the expansion cone segments 425 and a second end that Includes 
an L-shaped retaining member 430a In an exemplary embodiment, the split ring collar 
430 Is a conventional split ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that includes a first end 
that includes a slot 435ab for receiving and mating with the L-shaped retaining member 
430c of (he split ring collar 430, a radial passage 435ac. and a recess 435ad for 
receMng the fifth flange 41Sa of the tubular support member 415. A second end of the 
tubular sleeve 435a Includes a flange 435ae that mates with the fourth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passage 435ba 
for receiving the fifth flange 4151 is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of 
the load transfer pin 435c is received within the radial passage 435ac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 435a. and a radial opening 435dc 
for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 4151 of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for 
receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth flange41Sg of the tubular support member, a comrentlonai sealing cup 440c. 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 includes a first end 445b that mates with the 
second end 440d of the flret padcer cup assembly 440 and a second end 445c. A 
second conventional packer cup assembly 450 that defines a passage 450a for 
receiving the tubular support member 415 includes a first end 450b that mates with the 
second end 445c of the spacer 445. s corwsntional sealing cup 450e, and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 

A dog assembly 455 is provided that includes a tubular sleeve 455a that defines 
a passage 455aa for receiving the tubular support member 415. A first end of the 
tubular sleeve 455a includes a radial ooenino 455ab for r»(»iwinn » «v««n«««»i 



resilient dog 455b. A second end of the tubular sleeve 455a indudes a recess 455ac 
and is coupled to an end of a load transfer pin 455c. The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support member 41 5. A tubular sleeve 4S5e is received within the 

5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support member 415 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 415 is further received within the recess 455ec of the tubular sleeve 455e 

10 between the spring 455f and the second flange 415e of the tubular support member 
415. A second end ofttie tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 455ef and 455eg, and a recess 455eh that mates with the first flange 
415b of the tubular support member 415. 

in an exemplary embodiment, during operation of the apparatus 400, as 

15 illustrated in Figs. 6 and 6a-6k, the apparatus may be initially positioned in the wellbore 
100, within the casing 1 10, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 41 5d of the tubular support member 41 5 is 
fluididy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 ortheexpan5ionoonesupportbody415Jofthetubularsupportmember415 into 
contact with the stop member 320. In this manner, fluidic materials within the interior 
41 5a of the tubular support member 41 5 may pass ttrough the radial passages, 41 5d 
and 455ed, into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurlzation of the annulus. Furthermore, in this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 

diameter of the stop member 420 thereby permitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated in Figs. 7, and 7a-7c the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular nriember 

30 1 20, the upper end 120b of the tubular member may impact the ends of the resilient 
dogs. 435e and 455b. of the dog assemblies, 435 and 455, respectively, thereby 
Hrtying the resilient dogs, 435e and 455b, backwards off of and adjacent to one side of 
the flanges, 41 5h and 41 5f. respectively. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c, the 

35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward 
therebv comoressino the sorina 435f and applying an axial biasing force to the tubular 



sleeve 435a that prevents the expansion cone segments 425 from being displaced 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b. the tubular sleeve 455a, the pin 45Sc (he retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
5 455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages, 41 5d and 455ed from being fluididy decoupled. 

The apparatus 400 may then be at least partially posHtoned in the open hole 
section 1 15a of the weilbore sedkm 115, beyond the lower end 120c of the tubular 
member 120, In an exemplary embodiment, that portton of the apparatus 400 that 
10 includes the stop member 420, the expanskxi cone segments 425, the split ring collar 
430, the dog assembly 435, the packer cup assembly 440, the spacer 445. the packer 
cup assembly 450, and the dog assembly 455 is then poslttoned in the open hole 
section 115a of the weilbore section 115, beyond the kiwer end 120 of the tubular 
member for reasons to be described. Because the dogs, 435e and 455b, of the dog 
15 assemblies, 435 and 455. respedively. are resilient, once the apparatus 400 has been 
positfoned In the open hole section 115a of the weilbore section 115. beyond the lower 
end 120c of the tubular member 120. the resilient dogs, 435e and 455b. of the dog 
assemblies may spring outwardly In the radial direction. 

The apparatus 400 may then be repositioned at least partially back within ttie 
20 tubular member 120. During the re-inserton of ttie apparatus into the tubular member 
120, the tower end 120c of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b. of the dog assemblies. 435 and 455. respectively, thereby 
driving ttie resilient dogs forward until ttie resilient dogs are positioned beyond and 
adjacent to ttie ottwr side of ttie flanges, 415h and 415f, of ttie tubular support member 
25 415. 

As a result, of ttie forward axial displacement of ttie resilient dog 435e. ttie 
tubular sleeve 435a, ttie retaining ring 435b. ttie pin 435c. ttie tubular sleeve 435d, ttie 
spring 435f, and ttie ring 435g of ttie dog assembly 435 are displaced in ttie forward 
axial direction ttiereby also displacing ttie split ring collar 430 and ttie expanston cone 

30 segments 425 in ttie forward axial direction. As a result, the expansion cone segments 
425 are driven up ttie topered hexagonal portion 415jb of ttie expansion cone support 
body 4l5j of the tubular support msmbsr 415 Into contod witti tfie stop member 320. 

As a result of ttie fonwaid axial displacement of ttie resilient dog 455b, ttie 
tubular sleeve 455a. ttie pin 455c, ttie retaining ring 455d. ttie tubular sleeve 465e. ttie 

J5 spring 455f, and ttie ring 45Sg of ttie dog assembly 455 are driven fbnrard In ttie axy 
direction ttiereby fluididy deooupUng ttie radial oassaoas. 4isd anH a.«k«h onH 



coupling the radial passages 41 5c and 41 5d. As a result fluidic materials within the 
tubular support memt}er 415 nnay not pass into the annulus t>etvveen the tubular 
support member and the tubular member 120. 

As a result of the forward axial displacenf>ent of the resilient dog 435e, the 
5 outside diameter of the expansion oone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 400 to 
be used to radially expand and plasUcaRy deform the tubular member, and fluidic 
materials within the interior 415a of the tubular support mennber 415 noay no longer 
pass through the radial passages, 41 5d and 45Sed, Into the annulus between the 
1 0 apparatus 400 and the tubular m«nber thereby pemiitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
defonm the tubular member 120 by applying an upwanl axial force to the tubular 
support member 41 5 and/or by injecting a pressurized fluidic material into the tubular 

15 support member. 

In particular, as lllustFated in Figs. 8 and Ba-8d, the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatus through the passages 405a, 310a, 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450, seal off an anrujlar region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415, the Injection 
of the fiuidk: material 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then pressurize the 

25 interior 1 20a of the expandable tubular member 1 20 thereby plastically defonning and 
radially expanding the expandable tubular member off erf the expansion cone segments 
425. Because the outer surfaces, 425bb and 42Sbc, of the expansion cone segments 
425 are tapered, the plastic defonration and radial expansk>n of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 

30 Furthermore, in an exemplary embodiment the continued Injectbn of the fluidic 
material 275 also pressurizes ttie annular region 120aa defined t)etween the interior 
surface of the expandable tubular member 120 and the exterior sur^oe of the tubular 
support member 415 that is bounded on the upper end by the packer cup assembly 
440 and on the lower end by the expansk>n cone segments 425. Furthemriore, in an 

35 exemplary embodiment, tiie pressurization of the annular region 120aa also radially 
expands at least a portk>n of the surrounding portkxi of the expandable tubular member 



120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular men*er 120 Is enhanced. Furthemiore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
5 length of the pressurized annular region 1 20aa. In an exemplary embodiment, the 
pressurizatlon of the annular region 120aa decreases the operating pressures required 
for plastic deformatkm and radial expanston of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
425bb and 425bc, of the expansnn cone segments 425. 
10 The radial expansion of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular member Is radially expanded and 
plastically defomned along with the overlapping portion of the wellbore casing 110. 
Because the expansion cone segments 425 may be adjustably positnned from an 
outside diameter less than the inside diameter of the expandable tubular member 1 20 
15 to an outsUe diameter substantially equal to the insUe diameter of the pre-exlsllng 
casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120. created by the operatkMi of the apparatus 400 may 
have a single substantially constant inside diameter thereby providing a mono^lameter 
wellbore casing. 

During the radial expansion process, the expanston cone segments 425 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 41 5. In a preferred embodiment, during the 
radial expanston process, the expansion cone segments 425 are raised at 
approximately the same rate as tiie tubular member 120 Is expand«j in order to keep 
the tubular member stationary relative to the new wellbore section 115. 

In a pniened embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portkin of the weUbore casing 110 that overiap with 
one another are plastically defomied and radially expanded by the expansion cone 
segments 425. the expansion cone segments are displaced out (rf the wellbore 100 by 
both ttie operating pressure within ttie Interior of ttie tubular member 1 20 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefened embodiment, the operating pr^sure eni flow rats of the fiuidic 
material 275 is controliably ramped down when the expansion cone segments 425 
reach ttie upper end portion of the expandable tubular member 120. In this manner, 
tt» sudden release of pressure caused by \he complete radial expansion and plastic 
defomiation of the expandable tubular member 120 off of tt» expansion cone 



segments 425 can be minimized. In a preferred embodiment the operating pressure Is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginr^ng when the expansion cone segments 425 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 
5 Alternatively, or In combination, the wall thtcl^ness of the upper end portion of 

the exparKlable tubular member 120 Is tapered in order to gradually reduce the 
required operating pressure for plastically defbmning and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 Alternatively, or in combination, a shodc absorber is provided in the tubular 

support member 405 in order to absorb the shodc caused by the sudden rele^e of 
pressure. The shock absorber may comprise, for example, any conventtonal 
commercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
operations. 

15 Altematively. or in combination, an expanston cone catching structure is 

provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expanston cone segments 425. 

Altematively, or in combination, during the radial expansion process, an upward 
axial force Is applied to the tubular support member 415 sufficient to plastically defomi 

20 and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc. of the expansion cone segments 425. 

Altematively, or in combination, In order to facilitate the pressurization of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275. the region within the wellbore sectton 1 15 below the apparatus 400 may be 

25 fluididy sealed off In a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
405, the tubular support member 41 0, the tubular support member 41 5, the end stop 
420, the expanston cone segments 425, the split ring collar 430, the dog assembly 435, 
the packer cup assembly 440, the spacer 445, the packer cup assembly 450. and the 

30 dog assembly 455 are removed firom the wellbores 1 00 and 1 1 5. 

Referring now to Figs. 9, 9a, 10 and 10a, an embodiment of an adjustable 
expansfcn cone assembly 500 will be desoibed. The assembly 500 includes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b, an 
expansion cone support flange assembly 505c, and an end stop 505d. The expansion 

35 cone support flange assembly 505c includes a tubular body 505ca and a plurality of 
equally spaced apart expansion cone segment support members 50Scb that extend 



outwardly from the tubular body in the radial direction that each include identical bases 
SOScba and extensions 505cbb. The support members SOScb further include first 
sections SOScbc having arcuate conical outer surfeces and second sections SOScbd 
having arcuate cylindrical outer surfaces for reasons to be described. 
5 An expansion cone segment assembly 51 0 is provided that includes a tabular 

support 510a defining a passage SlOaa for receiving the tubular support member 505 
and a slot SlOab. A plurality of spaced apart and substantially Identical resilient 
expansion cone segment collets 510b extend from the tubular support 510a In the axial 
direction that include expansion cone segments 510ba extending therefrom in the axial 

10 direction. Each of the expansion cone segments 510ba further Include arcuate conical 
expansion surfaces SlObaa for radially expanding an expandable tubular member. 

A split ring collar 515 Is provided that defines a passage 515a for reoeh/ing the 
tubular support member 505 that Includes an Leaped retaining member 515b at one 
end for mating with the slot SlOab of the tubular support 510a of the expansion cone 

15 segment assembly 510. Another end of the split ring collar 515 Includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 Wiat includes a slot 520b for receiving the 
L-shaped retaining member 515c of the split ring collar 515. 

During operation of the assembly 500, as illustrated In Figs. 9 and 9a, in an 

20 unexpanded position, the expansion cone segments 510ba of ttie expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of the expansion cone segment support members 505cb v^th tiie outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As lllustaBted in Figs. 10 and 10a, ttie assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520, the spilt ring collar 51 5, and the 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support members 505cb. As a result, the expansion cone segments 
510ba are driven up ttie conical section 505cbc of tt^e expansion cone segment 
support members SOScb and then onto the cylindrical section SOScbd of ttie expansion 

30 cone segment support members until ttie expansion cone segments impact the end 
stop SOSd. In ttils manner, ttie outside diameter of ttie expansion segments 510ba Is 
greater ttian ttie maximum diameter of ttie remaining ccmponsnts of ttie assembiV 500. 
Furttiermore, ttie conical outer surfaces SlObaa of ttie expansion cone segments 
SlOba may now be used to radially expand a tubular member. Note ttiat ttie 

35 extensions 505cbb of ttie expansion cone segment support members SOScb provide 
support in ttie circumferential direction to ttie adjacent expansion cone segments 



51 Oba. In an exennplary embodbnent the outer conical surfaces 51 Obaa of the 
expansion cone segments 510t>a In the expanded position oT the assembly 500 provide 
a substantially continuous outer conical surfaces in the drcunfrferential direction. 
The assembly 500 may then be returned to the unexpended position by 

5 displacing the tubular sleeve 520, the split ring collar 515, and the expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 51 Oba are 
displaced off of the cylindrical section SOScbd and the conical section 505cbc of the 
expansion cone segment support members 505cb. Because the collets 510b of the 

10 expansion cone segment assembly 510 are resilient, the expansion segments SlOba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several altemative embodinnents, the assembly 500 Is incorporated into the 

1 5 assemblies 200, 300 and/or 400. 

Referring now to Figs. 11 , 1 la, 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 includes a tubular 
supp(^ memb^ 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b, and an end stop 605c The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body In the radial direction. The support members 
605bb further include first sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical outer sur^ces, and third sections 

25 605bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 Is provided that Includes a tubular 
support 610a dining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially Identical resilient 
expansion cone segment collets 610b extend from the tubular support eiOa in the axial 

30 direction that include expansion cone segments 61 Oba extending therefrom in the axial 
direction. Each of the expansion cone segments 610ba further include arcuate conical 
expansion surfaces 61 Obaa for radially expanding an expandable tubular member. 

A spirt ring collar 615 is provided that defines a passage 615a for receiving the 
tubular support member 605 that includes an L^shaped retaining member 615b at one 

35 end for mating with the slot 61 Oab of the tubular support 61 Oa of the expansion cone 
segment assembly 610. Another end of the split ring collar 615 Includes an L-shaped 
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retaining mennber ei5c. A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that Includes a slot 620b for receiving the 
L-shaped retaining member 615c of the split ring collar 615. 

During operation of the assembly 600, as Illustrated In Figs. 1 1 and 1 la, in an 
5 unexpended position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 60Sbba, adjacent to 
the base of the conical section 605bbb. of the expansion cone segment support 
members 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 1 2 

10 and 12a, the assembly 6(K) may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615. and the expansion cone segment assembly 610 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

15 section 605bbc of the expansion cone segment support members until the expansion 
cone segments impact the end stop 605c. In this manner, the outside diameter of the 
expansion segments 610ba is greater than the nr^mum diameter of the remaining 
components of the assembly 600. Furthermore, the conical outer surfaces 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubiter 

20 member. In an exemplary embodiment, the outer conical surfaces 610baa of the 

expansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620. the spilt ring collar 615, and the expansion cone 

25 segment assembly 61 0 in the axial direction away from the expansion cone segment 
support members 605bb. As a result the expansion cone segnoents 610ba are 
displaced off of the cylindrical section 605bbc and the conical section 605bbb and bade 
onto the cylindrical section 605bba of the expansion cone segment support members 
e05bb. Because the collets 610b of the expansion cone segment assembly 610 are 

30 resilient, the expansion segments 61 Oba are thereby returned to a position In which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remalr:ing compcnsnts of the assembly 800. 

In several alternative embodiments, the assembly 600 Is Incorporated into the 
assemblies 200, 300 and/or 400. 

35 Refemng now to Figs. 13, 13a, 1 3b, 1 Sc, 14 and 14a, an embodiment of an 

adjustable expansion cone assembly 700 will be described. The assembly 700 



Includes a tubular support member 705 that defines a passage 705a and Includes an 
expansion cone support flange assembly 705b, and an end stop 705a The e)q>anslon 
cone support flange assembly 705b includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support members 

5 705bb that extend outwardly from the tubular body In the radial direction. The support 
members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 70Sbbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer surfaces for reasons to be described. 
An expansion cone segment assembly 71 0 is provided that Includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 

member 705 that includes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that Includes a plurality of 
spaced apart and substantially Identical axial slots 710bb. A plurality of spaced apart 
and substantially identical resilient expansion cone segment collets 710ac extend from 

1 5 the first tubular support 71 Oa in the axial direction and are received within 

corresponding ones of the axial slots 710bb In the second tubular support 710b that 
include substantially identical expansion cone segments 710aca extending therefrom in 
the axial direction. A plurality of spaced apart and substantially Identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interleaved and overlap with the expansion cone segment 
collets 710ac and that include substantially Identical expansion cone segments 710bca 
extending therefrom in the axial direction. Each of the expansion cone segments, 
710aca and 710bca, further include arcuate conical expansion surfaces, 710acaa and 
710bcaa, respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 71 5a-71 5d couple the expansion cone segment collets 71 Oac to the 
second tubular support 710b. 

A split ring collar 720 Is provided that defines a passage 720a for receiving the 
tubular support member 705 that Includes an L-shaped retaining member 720b at one 
end for mating with the slot 710ab of the first tubular support 710a of the expmsion 

30 cone segment assembly 71 0. Another end of the spilt ring collar 720 Includes an L- 
shaped retaining member 720c. A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that Includes a slot 725b 
for rBceiving the L-shaped retaining member 720c of the spilt ring collar 720. 

During operation of the assembly 700, as illustrated In Figs. 13, 13a. 13b, and 

35 1 3c. In an unexpended position, the exparwion cone segments 710aca of the 
expansion cone segment assembly 710 overiap with and are positioned over the 



expansion cone segments 710bca of the expansion cone segment assembly, adjacent 
to the base of the conical section 705bbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated In Figs. 14 
and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 710 In the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion cone segments, 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 
the cylindrical section 70Sbbc of the expansion cone segment support members until 
the expansion cone segments impact the end stop 705c. In this manner, the outside 
diameter of the expansion segments. 710aca and 710bca, is greater than the 
maximum diameter of the remaining components of the assemWy 700. Furthennore, 
the conical outer surfaces, 710acaa and 710bcaa. of the expansion cone segments, 
710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 710acaa and 
710bcaa, of the expansion cone segments, 710aca and 710bca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the drcurrtferential direction. 

The assembly 700 nrwy then be returned to the unexpanded position by 
displacing the tubular sleeve 720, the split ring collar 715, and ttie expanston cone 
segment assembly 710 In the axial direction away from the expansion cone segment 
support members 705bb. As a result, the expansbn cone segments, 710aca and 
710bca, are displaced off of the cylindrical section 705bbcand the conical section 
705bbb and bade onto the cylindrical section 705bba of Uie expansion cone segment 
support members 705bb. Because the collets. 710ac and 710bc, of ttie expansion 
cone segment assembly 710 are resilient tfie expansion segn^ents, 710aca and 
71 Obca, are thereby returned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of ttie 
remaining components of the assembly 700. 

In several altemative embodiments, the assembly 700 Is Incorporated into tiie 
assemblies 200, 300 and/or 400. 

Referring to Rgs. 15 and 15a-15j, an attenriative embodiment of an apparatus 
800 for fonnlng a wetibore casing in a subtenanean fonmation will now be described. 
The apparatus 800 indudes a tubular support member 805 defining an Intemal 
passage 805a ttiat is coupled to an end of a tubular coupling 810 defining an Intemal 
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passage 810a. The other end of the tubular coupling 810 is coupled to an end of a 
tubular support member 815 defining an internal passage 815a having a throat 
passage 815aa that includes a first radial passage 81Sb, a first flange 815c having a 
second radial passage 81 Sd, a second flange 81 5e having opposite shoulders, 81 Sea 

5 and 81 5eb, a third flange 81 5f . and an expansion cone support body 81 5g. The other 
end of the tubular support member 81 5 is coupled to a tubular eml stop 820 that 
defines a passage 820a. 

As illustrated In Figs. 15d and 15e, the expansion cone support body 81 5g 
includes a first end 815ga, a tapered hexagonal portion 815gb that Includes a plurality 

10 of T-shaped slots 81 5gba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 815gc In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 815gb ranges from dxHJt 35 to 50 
degrees for reasons to be described. 

As illustrated In Figs. 15, 15a-15c. and 15f-15j, a plurality of expansion cone 

15 segments 825 are provided that Include first ends 825a that Include T-shaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within conresponding T-ehaped slots 815gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 81 5g, first 
extemal surfaces 825bb. second external surfaces 825bc. and third extemal surfaces 

20 825bd. Thus, In an exemplary embodiment a total of six expansion cone segments 
825 are provided that are sBdaWy coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

In an exemplary embodiment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second extemal 

25 surfaces 825bc. the widths of the second external surfaces are subslantially constant, 
and the widths of the third extemal surfaces 825bd decrease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfaces 825bb of the expansion cone 
segments 825 taper upwardly in the direction of the second extemal surfaces 825bc, 

30 the second extemal surfaces taper upwardly in the direction of the third external 
surfaces B25bd, and the third extemal surfaces 825bd taper downwardly In the 
direction of the first ends 825a of ths sxpa'^.slon cons segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
extemal surfaces 825bb of the expanston cone segments 825 are greater than the 

35 angle of attack of the taper of the second external surfaces 825bc. In an exemplary 
embodiment, the first and second extemal surfaces, 825bb and 825bc, of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced In the direction of the end stop 420, the first and second 
extemal surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to t>e described. 
5 As illustrated in Rg. 151, in an exemplary embodiment, the extemal surftioes, 

82Sbb, 825bc, and 825bd. of the second ends B25b of the expansion cone segments 
825 are adapted to mate with one another in order to intertodc adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

10 support member 815 Is provided that Indudes a first end that Includes plurality of T- 
shaped stots 830b for receiving and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining nnember 830a In an exemplary embodiment, the split ring collar 
830 is a conventional spilt ring collar commercially available from Halliburton Energy 

1 5 Services modified In accordance with the teachings of the present disclosure. 

A dog assembly 835 is provided that includes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 81 5 and Includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a countertx>re 835ac and a radial passage 635ad. An end of a load 

20 transfer pin 835b passes through the radial passage 8353d and is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubular support member 81 5 and is received within the countert>ore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the countertsore 635ac 

25 of the tubular sleeve 835a between the flange 81 5f and the end of the countart)ore. 
The other end of the load transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a countertxxe 835fa for receiving the tubular sleeve 835a, a radial 
passage 835fb for receiving a conventional resilient dog 835g, a countert)ore 835fc for 
receiving and mating with the flange 81 5e of the tubular support member 815, a flange 

30 835fd, and a flange 835fe including counterbores, 835ff and 835fg, that nnate with and 
receive the flange 815c of the tubular support member, and a radial passage 835fh. 

A flrst conventional packer cup assembly 840 that defines e passage 44Qa for 
receiving the tubular sleeve 835f includes a first end 840b that rriates with the flange 
835fd of the tubular sleeve 83Sf, a conventional sealing cup 840c. and a second end 

35 840d. A tubular spacer 845 that defines a passage 84Sa for recehdng the tubular 
sleeve 835f includes a first end 845b that mates with the second end 840d (rf the flrst 
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packer cup assembly 840 and a second end 845a A second oonventtonal packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c of the spacer 845. a 
conventional sealing cup 850c. and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operatkw of the apparatus 800, as 
aiustrated In Figs. 15 and 15a-15j, the apparatus may be Initially posltkxied in the 
wellbore 100, within the casing 110, with the dog assembly 835 positioned in a neutral 
posltkxi In which the radial passage 81 5d of the tubular support member 815 is fluWkdy 

1 0 coupled to the radial passage 835fh of the dog assembly 835 and the expanston cone 
segments 825 are not driven up the tapered hexagonal portion 81Sgb of the expansion 
cone support body 815g of the tubular support member 815 Into contact with the stop 
member 320. In this manner, fluidic materials within the interior 81 5a of the tubular 
support member 815 may pass through the radial passages, 81 5d and 835fh. into the 

15 annulus between the apparatus 800 and the casing 110 thereby preventing over 

pressurlzation of the annulus. Furthennore, in this manner, the outside diameter of the 
expanston cone segments 825 is less than or equal to the outside diameter of the stop 
member 820 theiBby pennitUng the apparatus 800 to be displaced within the casing 
110. 

20 As Illustrated in Figs. 16, and 16a-16c. the apparatus 800 may then be 

positioned In the tubular mennber 120. During the insertion of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the resilient dog 835g of the dog assembly 835 thereby driving the resflient dog 835g 
backwards onto the shoulder 815ea of the flange 815e of the tubular support member 

25 815. As a result of the backward axial displacement of the resilient dog 835g, the 
tubular sleeve 835f, the pin 835b. the retaining ring 835c. the ring 835d. and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expansion cone segments 825 from being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

sedkx) 115a of the wellbore sedton 115. beyond the lower end 120c of the tubular 
member 1 20. in an exemplary embodiment, that portion of the apparatus 800 that 
includes the stop member 820. the expansion cone segments 825, the split ring collar 
830. and the dog assembly 835 is then positioned in the open hole section 1 1 5a of the 

35 wellbore sedion 115. beyond the tower end 120 ofthe tubular member for reasons to 
be described. Because the dog 835g of the dog assembly 835 is resilient, once the 



apparatus 800 has been positioned in tlie open hole section 1 15a of the weilt)ore 
section 115, beyond the lower end 120c of the tubular member 120, the resilient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially back within the 
5 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog fonvard until the 
resilient dog is positioned onto the shoulder 815eb of the flange 815e of the tubular 
support menftber 815. 

10 As a result of the fonA^ard axial displacement of the resilient dog 835g, the 

tubular sleeve 835f. the spring 835e. the ring 835d, the ring 835c. the pin 835b, and the 
tubular sleeve 835a are displaced In the fbnvard axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 in the fonrard axial 
direction. As a result the expansion cone segments 825 are driven up the tapered 

15 hexagonal portion 815gb of the expansion cone support body 815g of the tubular 

support member 815 into contact with the stop member 320. Furthennore, as a result 
of the fonvard axial displacement of the tubular sleeve 835f. the radial passages, 815d 
and 835fh. are fluididy decoupled. As a result fluidic materials within the tubular 
support member 815 may not pass into the annulus between the tubular support 

20 member and the tubular member 1 20. 

As a rasutt of the forward axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the inside 
diameter of expandable tubular member 1 20 thereby pennitting the apparatus 800 to 
be used to radially expand and plastically deform the tubular member, and fluidic 

25 materials within the interior ai5a of the tubular support member 815 may no longer 
pass through the radial passages, 81 Sd and 455ed, into the annulus between the 
apparatus 800 and the tubular member thereby permitbng the interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically 
30 defonm the tubular member 1 20 by applying an upward axial force to the tubular 

support member 815 and/or by injecting a pressurized fluidic material into the tubular 
support member. 

In particular, as illustrated In Rgs. 17 and 17a-17c the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
35 fluidic material 275 into the apparatus through the passages 805a. 810a. 815a, and 
820a. Tto injection of the fluidic material 275 may pressurize the interior 120a of the 



4-0 

expandable tubular member 120. In addition, because the packer cup assemblies. B40 
and 850. seal off an annular region 1 20aa below the packer cup assemblies betiween 
the expandable tubular member 120 and the tubular support member 815, the Injectton 
of the fluldic material 27S may also pressurize the annular region. 

5 The continued injecHon of the fluidic material 275 may then pressurize the 

interior 1 20a of the expandable tubular member 1 20 thereby plastically defbmiing and 
radially expanding the expandable tubular member off of the expansion cone segments 
825. Because the outer surfaces, 825bb and 62^. of the expansion cone segments 
825 are tapered, the plastic deformatkwi and radial expansion of the expandable 

1 0 tubular member 120 proximate the expansion cone segments is fadlitated. 
FurthemwrB, In an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 815 that is bounded on the upper end by the packer cup assembly 

15 840 and on the lower end by the expansion cone segments 825. Furthemwre. in an 
exemplary embodiment, the pressurizatton of the annular region 120aa also radially 
expands at least a porlton of the sunDunding portkm of the expandable tubular member 
120. In this manner, the plastic defbnnation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300. 

20 the packer cup assemblies 840 and 850 prevent the pressurized fluWic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformatfon and radial expansion of the expandable tubular member 120 by 

25 as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
B25bb and 825bc of the expansion cone segnwnts 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastfcally defomied atong with the overiapping portion of the wellbore casing 1 10. 

30 Because the expansion cone segments 825 may be adjustably posittoned from an 
outside diameter less than the insWe diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the InsWe diameter of the preexisting 
casing 1 10, the resulting wellbore casing. Including the casing 1 10 and the radially 
expanded tubular member 120. created by the operation of the apparatus 800 may 

35 have a single substantially constant inside diameter thereby provWing a moncMliameter 
wellbore casing. 
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During the radial expansion process, the expansion oone segments 825 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 815. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
5 approximately the same rate as the tubular member 1 20 is expanded in order to keep 
the tubular member stationary relafive to the new wellbora section 115. 

In a prefened embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbora casing 1 10 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
1 0 segments 825, the expansion oone segments are displaced out of the wellbore 1 00 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefBrred embodiment the operating pressure and flow rate of the fluidic 
material 275 is contrDllably ramped down when the expansion cone segments 825 
1 5 reach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defonfnation of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a prefen^ embodiment, the operating pressure Is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
20 extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1.524 m) from completton of the extmsion process. 

Altematively, or In combination, the wall thidcness of the upper end portion of 
the expandable tubular nriember 120 is tapered in order to gradually reduce the 
required operating pressure for plastically defonning and radially expanding the upper 
25 end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Altematively, or in combination, a shock absoft)er is provided in the tubular 
support member 805 In order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
30 commercially available shock absort>er, bumper sub, or jars adapted for use in wellbore 
operations. 

Alternatively, or in combination, an expanston oone catching stnidure Is 
provkled in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 825. 
35 Altematively, or in combination, during the radial expansion process, an upward 

axial force Is applied to Hie tubular support member 815 sufficient to plastically defonn 



and radially expand the tubular memlwr 1 20 off of the external surfaces. 225bb and 
22Sbc of the expansion cone segntents 825. 

Alterrratively. or in combination, in order to fadiltate the pressurization of the 
Interior 120a of the expandable tubular member by the Injection of the fluldic materials 

5 275. the region within the xKellbore section 1 1 5 below the apparatus 800 may be 
fluldicly sealed off In a convention manner using, for example, a packer . 

Once the radial expansion process is completed, the tubular support ntember 
805, the tubular support member 810, the tubular support member 815, the end stop 
820, the expansion cone segments 825, the spilt ring collar 830, the dog assembly 835. 

10 the packer cup assembly 840. the spacer 845. and the packer cup assembly 850 are 
removed from the wellbores 100 and 115. 

If the expansion cone segments 825 become lodged v»lthin the expandable 
tubular member 120 during the radial expanston process, then a ball 280 may be 
placed in the throat 815aa of the passage 815a of the tubular support member 815. 

1 5 The continued Injectton of the fluldic material 275 fbllowing the placement of the ball 
280 in the throat 815aa of the passage 815a of the tubular support member will then 
pressurize the radial passage 815b and an annular portton 835fga of the counterbore 
835fg. As a result of the presaurizatfon of the annular portton 835fga of the 
counterijore 835fg. the tubular sleeve 835f, the pin 835b, the retaining ring 835c, the 

20 ring 835d, the spring 835e. and the tubular sleeve 835a of the dog assembly 835. and 
the spilt ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 backwards in the axial direction away from the end stop 820. In this 
manner, the outside diameter of the expansion cone segments 825 Is thereby reduced 
and the apparatus 80) may then be removed from the expandable tubular member 

25 120. 

Referring now to Figs. 18a. 18b, 18c and 18d, an embodiment of an adjustable 
expanston cone assembly 900 will be described. The assembly 900 indudes a tubular 
support member 905 that defines a passage 905a and includes an expansion cone 
support flange assembly 905b that Is coupled to an end stop 91 0 that defines a 

30 passage 910a. The expanston cone support flange assembly 905b Includes a first 
tubular end 905ba, a second tubular end 905bb, and an Intennediate hexagonal 
conical tubular body 905bc that Includes a plurality of substantially Wenttoal and equally 
spaced apart expanston cone segment support stots 90Sbcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

35 A plurality of first expansion cone segments 915a-915c are provided that 

Include T^haped cetalnlng members 915aa-915ca that mate with and are movaWy 



received within the T-sh^d skits QOSbcaa, 90Sbcac, and gOSbcae of the hexagonal 
conical tubular body 905bc of the expansion cone support assembly 905b, T-shaped 
retaining members gi5ab-915cb, exterior top surfaces 915ao-815cc, exterior top 
surfaces 915ad-91Sod, exterior top surfaces 91Sae-915ce, exterior top surfaces 915af- 
5 915cf, and exterior top surfaces 915ag-91Scg. In an exemplary embodiment, the 
exterior top surfaces 915ao*915cc and the exterior top surfaces 91Sad*91Scd are 
arcuate conical surfaces in which the angle of attack of the exterior top surtaces 91 5ao- 
91 5cc is greater than the angle of attack of the exterior top surfaces 91 5ad-915cd. 

A plurality of second expansk)n oone segments 920a-920c that are interieaved 

1 0 with and complementary shaped to the first expanston oone segments 91 Sa-91 5c, are 
also provided that include T-shaped retaining members 920aa-920ca that mate with 
and are nnovabty received within the T-shaped skrts goSbcab, gOSbcad, and 905bcaf of 
the hexagonal conical tubular body gOSbc of the expansion cone support assembly 
905b, T-shaped retaining members 920ab-920cb, exterior top surfaces 920ao-g20cc, 

1 5 exterior top surfaces 920ad-920cd, exterkr top surfaces 920ae-920ce, exterior top 
surfaces 920af-g20cr, and exterior top surfaces g20ag-920cg. In an exemplary 
embodiment, the exterior top surfaces 920ao-920cc and the exterior top surfaces 
920ad-920cd are arcuate conical surfaces In which the angle of attack of the exterior 
top surfaces 920ac-920oc Is greater than the angle of attack of the exterior top 

20 surfaces 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for receh^ing the 
tubular support member 905 that includes an L-shaped retaining memt)er 925b at one 
end and another end of the split ring collar 925 includes T-shaped slots, 9250, 925d, 
925e, g25f, g25g, and 925h, for mating with and receiving the T-shaped retaining 

25 members, 915ab, 920ab, 91 Sbb, 920bb, 915cb. and 920cb, of the expansion cone 
segments, 915a, 920a, gi5b, g20b, OISc, and 920c, respectively. A tubular sleeve 030 
Is provided that defines a passage gsOa for receiving the tubular support member g05 
and that also Includes a slot OSOb for receiving and mating with the L-shaped retaining 
member 925b of the split ring collar 925. 

30 During operation of the assembly 900. as illustrated in Figs. 18a, 18b, 18c. and 

18d, In an unexpended position, the expanskxfi cone segments. 915a, gi5b, gi5c 
gi5d, g20a, 920b. 0200, and g20d are positioned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expansion cone support flange 005b away 
from the end stop giO. In this manner, the outside diameter of the expansion cone 

35 segments is less than or equal to the maximum outside diameter of the assembly. 
Furtheonore. in the unexpended position, the expansion oone segments, gi5a, gi5b. 



and 915c. are positioned further away from the end stop 910 than the expansion cone 
segments, 920a. 920b, and 9200. 

As Illustrated in Figs. 19 and 19a, the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring coUar 925 in the axial direction 
towards the expansion cone segment support members 70Sbb. As a result, the 
expansion cone segments. 915a. 915b. 915c. 920a. 920b. 920c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments Impact the end stop 910. In this manner, the outside 
diameter of the expansion segments. 915a, 915b. 915c, 920a, 920b. and 920c is 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthermore, the conical outer surfaces. 915ac 915bc. 915cc, 920ac 920bc and 
920CC, and the conical outer surfaces. OlSad, 915bd, 915cd. 920ad, 920bd. and 920cd 
of the expansion cone segments. 915a, 915b, 915c 920a, 920b, and 920c 
respectively, may now be used to radially expand a tubular member. In an exemplary 
embodiment, the outer conical surfaces. 915ac 915bc 915cc 920ac. 920bc and 
920CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad, 920bd. and 920od 
of the expansion cone segments. 915a, 915b, 915c. 920a. 920b. and 920c 
respectively, in the expanded position of the assembly 900, provide a substantially 
continuous outer conical surfaces in ttw circumferential direction. Furthermore, note 
that in the expanded position of the assembly 900. the first set of expansion cone 
segments, 915a. 915b, and 915c. are brought into alignment with tiie second set of 
expansion cone segments. 920a. 920b. and 920a 

The assembly 900 may then be returned to the unexpended position by 
displacing the tubular sleeve 930 and the split ring coUar 925 in the axial direction away 
from the end stop 910. As a result, the expansion cone segments. 915a. 915b. 915c 
920a, 920b. and g20c are displaced away from the end top 910. down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in which the 
outside diameter of ttie expansion cone segments is less tiian or equal to ttie maximum 
diameter of the remaining components of ttie assembly 900. 

In several altemative embodiments, the assembly 900 Is incorporated into ttie 
assemblies 200, 300, 400, and 600. 

Referring to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 includes interlocking expansion cone segments. 1000a. 1000b. lOOOc, lOOOd. 
lOOOe. and lOOOf. 



Referring to Rg. 20b, an embodiment of an expansion cone segment assembly 
1100 indudes interiocking expansion cone segments, 1100a, 1100b. 1100c, 11 OOd, 
llOOe. and1100f. 

Referring to Fig. 20c, an embodiment of an expansion cone segment assembly ^ 
5 1200 indudes interlocking expansion cone segments, 1200a, 1200b, 1200c, 1200d, 
1200e, and 1200f. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 
1300 indudes interlod(ing expansion cone segments. 1300a, 1300b. 1300c 1300d, 
1300e, and1300f. 

10 Referring to Fig. 20e. an embodiment of an expansion cone segment assembly 

1400 indudes interiocking expansion cone segments, 1400a, 1400b, 1400c, 1400d, 
1400e, and UOOf. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 indudes interiocking expansion cone segments, 1500a. 1500b, 1500c 1500d, 
15 1500e, and 1500f. 

Referring to Fig. 20g. an embodiment of an expansion cone segment assembly 
1600 indudes interiocking expansion cone segments, 1800a, 1600b, 1600c 1600d, 
leOOe, and 1600f. 

Refening to Fig. 20h. an embodiment of an expanston cone segment assembly 
20 1 700 indudes interiod^ing expansion cone segments, 1 700a, 1 700b. 1 700c, 1 700d, 
1700e. and1700f. 

Refening to Rg. 20i. an embodin>ent of an expansion cone segment assembly 
1800 indudes Interiocking expanston cone segments, 1800a, 1800b, 1800c, 1800d. 
18006, and1800f. 

25 Referring to Fig. 20), an embodiment of an expanston cone segment assembly 

1900 indudes Interiocking expansion cone segments, 1900a, 1900b. 1900c 1900d, 
1900e.and1900f. 

Refening to Fig. 20k. an embodiment of an expansion cone segment assembly 
2000 indudes interiocking expansion cone segments, 2000a, 2000b, 2000c 2000d, 
30 2000e, and 2000f. 

Refem'ng to Fig. 201. an embodiment of an expansk>n cone segment assembly 
2100 indudes Interiocking expansion cone segments, 21003, 2ie0b, 2100c 2100d, 
2100e, and 2100f. 

Referring to Fig. 20m, an embodiment of an expanston cone segment assembly 
35 2200 indudes Interiocking expansion cone segments, 2200a, 2200b, 2200c 2200d, 
2200e, and 2200f. 



The expansion cone segment assemblies 1000, 1100, 1200, 1300. 1400. 1500, 
1600, 1700, 1800. 1900, 2000, 2100, and 2200 provide enhanced operational 
properties such as, for example, efficient radial expansion of expandable tubular 
members and durability during operation. 

5 In several alternative embodiments, the design and operational features of the 

apparatus 200, 300, 400, 500, 600. 700, 800, 900, 1000, 1100, 1200, 1300, 1400. 
1500, 1600. 1700, 1800, 1900, 2000, 2100, and 2200 may be combined, in whole or in 
part, and/or the design and operational elements of the apparatus 200, 300, 400, 500. 
600. 700, 800, 900, 1000, 1100, 1200. 1300. 1400. 1500. 1600. 1700, 1800, 1900, 

1 0 2000. 21 00, and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200. 300, 400. 500, 600, 
700, 800, 900, and 1000, 1100, 1200, 1300. 1400, 1500. 1600, 1700, 1800, 1900, 
2000, 2100, and 2200 may be used to form or repair wellbore casings, pipelines, or 
structural supports. 

15 In several alternative embodiments, the apparatus 200, 300, 400, 500. 600, 

700, 800, 900, 1000. 1100. 1200, 1300, 1400, 1500. 1600, 1700, 1800, 1900. 2000, 
2100, and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cone support body that may, for example, 
be conical, or may be a multi-sided body. 

20 In several alternative embodiments, the design and operation of the apparatus 

200, 300, 400, 500, 600, 700. 800, 900, 1000, 1100. 1200. 1300, 1400. 1500, 1600. 
1700, 1800. 1900, 2000, 2100, and 2200 are provided substanHally as disclosed in one 
or more of the following: (1 ) U.S. patent application serial no. 09^454,1 39. attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 

25 09/510,913. attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 

application serial no. 09/502.350. attorney docket no. 25791,8.02, filed on 2/10/2000, 
(4) U.S. patent application serial no. 09/440,338, attomey docket no. 25791.9.02, filed 
on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, attomey docket no. 
25791.11.02. filed on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. 

30 attomey docket no. 25791 .12.02. filed on 2/24/2000, (7) U.S. patent application serial 
no. 09/511,941, attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent 
application serial no. 09/586,945, attomey docket no. 25791. 17.02. filed on 6/7/2000, 
(9) U.S. patent applfcatton serial no. 09/559.122. attomey docket no. 25791.23.02, filed 
on 4/26/2000, (10) PCT patent application serial no. PCTAJSOO/18635, attorney docket 

35 no. 25791.25.02. filed on 7/9/2000. (11) U.S. provistonal patent appHcation serial no, 
60/162.671, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 



patent application serial no. 60/154,047. attorney docket no. 25791.29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent applkation serial 
no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 

5 provisional patent appllcatfon serial no. 60/159,033. attorney docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. pfovteional patent application serial no. 60/212,359. attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provlsk>nal patent applicatton serial 
no. 60/165.228. attorney docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. 
provisional patent applicatkxi serial no. 60/221 .443. attorney docket no. 25791 .45. filed 

10 on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221 ,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233.638. attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. provisional 
patent applicatton serial no. 60/237.334. attorney docket no. 25791.48, filed on 
10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 

15 docket no. 25791.50, filed on 2/20/2001: and (23) U.S. provisional patent applteatton 
serial no. 60/262,434, attorney docket no. 25791.51. filed on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/259.486. attorney docket no. 25791 .52. filed 
on 1/3/2001. the disctosures of which are incorporated herein by reference. 

Although illustrative emltodiments of the invention have been shown and 

20 described, a wide range of modification, changes and substitution is contenrvlated in 
ttie foregoing disclosure. /Accordingly. It Is appropriate ttiatttie appended dalms be 
construed broadly. 



Claims 

1 A method of plasticalV defbcming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion device movably coupled to the tubular support member, and an actuator 
5 movably coupled to the tubular support member for adjusting the adjustable expansion 

device, comprising: 

coupling a first end of the expandable tubular member to a tubular structure: 
inserting the apparatus into the first end of the expandable tubular member .n a 

first direction; 

10 displacing the actuator of the apparatus in a second direction opposite to the 

first direction; 

applying a resilient biasing force to the adjustable expansion device in the 
second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
15 of a second end of the expandable tubular member, 

reinserting the actuator of the apparatus Into the second end of the expandable 
tubular member in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
20 tubular member In the first direction; and 

plastically defomiing and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member In the 
second direction. 

25 2. Themethodofdaiml.whereindisplaclngtheactuatoroftheapparatuslnthe 

second direction comprises: 

Impacting the actuator with the first end of the expandable tubular member. 

3 The method of daim 1 . wherein displacing the actuator and the adjustable 
30 expansion device relative to the expandable tubular member In the first dlrechon 

comprises: . 
impacting the actuator with the second end of the expandable tubular member. 

4. themethodofdalml.whereinmovlngtheadjustableexpanslondevlcethrough 

35 the expandable tubular member comprises: 

pulling the adjustable expansion device through the expandable tubular 
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member. 

5. The method of daim 1 , further comprising: 

fluididy sealing the interfeice between the tubular support member of the 
5 apparatus and the expandable tubular member, 

wherein moving the adjustable expansion device throi^h the expandable 
tubular member oomprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plastically defonmfng and radially expanding an expandable 
tubular member, comprising: 

a tubular support member; 

an adjustable expansion device movably coupled to the tubular support 
member; 

1 5 aduating means for actuating the adjustable expansion device; 

means for displadng the actuating means of the apparatus in a first direction; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing the outside diameter of the adjustable expansion device 
20 by displadng the actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first direction. 

7. The apparatus of daim 6, wherein the means for displadng the actuating means 
of the apparatus in the first direction comprises: 

25 means for impacting the actuating means. 

8. The apparatus of daim 6, wherein the means for displadng the aduating nneans 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 

30 means for impacting the actuating noeans. ' 
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